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High BUI values generally represent periods of high fire danger (Ziel et al. 2015) . BUI is often derived from meteorological station observations; however, gridded downscaled data (i.e., Bieniek et al. 2016 ) are used here because observations in Alaska are temporally and spatially spotty.
BUI is well suited for describing most fire seasons in northern boreal regions so is widely used by managers in Canada and Alaska. BUI begins to increase after the snowmelt, reaches its peak in June-July, and declines thereafter. Figure 4 .2a displays BUI trends (April-September) for the Alaska boreal forest region (<600 m elevation) from 1979-2015. The BUI values represent the number of days (averaged over forest grids) that BUI exceeded 60, which marks the threshold for high fire danger in Alaska (Ziel et al. 2015) . As an integrated metric, BUI effectively captures seasonal fire danger in Alaska, as per the large areas burned in 2004, 2015, and 2005 . The exception is 2013, which, despite an extremely high BUI, had low fire activity because of few lightning strikes, highlighting ignitions as a necessary prerequisite for fires.
Modeling Wildfire Probability in Alaska. The attribution assessment was based on dynamical downscaling over the Alaska region by a regional model, the Advanced Research (ARW) version of the Weather Research and Forecasting (WRF) Model (Skamarock et al. 2008 ). An optimized configuration of the WRF model physical parameterizations for Alaska (Zhang et al. 2013 ) was employed. The downscaling covered a 262 x 262 grid-point domain that encompassed all of Alaska and portions of eastern Russia and northern Canada at 20 km spatial resolution with 49 vertical model levels. The European Centre for Medium-Range Weather Forecasts (ECMWF) interim reanalysis (ERA-Interim) data was downscaled for the 1979-2015 historical period (Bieniek et al. 2016) , and a 60-year downscaling of the Geophysical Fluid Dynamics Laboratory Climate Model, version 3 (GFDL CM3) was completed to address the present climate and counterfactual (preindustrial) climate. Specifically, the GFDL CM3 was downscaled using WRF for a 60-year period (1986-2045) centered on 2015 based on historical (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) and RCP8.5 (2006 RCP8.5 ( -2045 simulations from CMIP5.
A 60-year subperiod (1986-2045) of a GFDL CM3 prescribed constant CO 2 (280 ppm) and aerosol concentrations (Donner et al. 2011 ) simulation represented the counterfactual or preindustrial world without anthropogenic climate change. Monthly difference fields between the two 60-year means | (present-day minus preindustrial) show that the spring-summer climate of Alaska has warmed (by 1°-3°C) and become wetter (2-10 mm mo -1 additional precipitation in May-July, with the largest increase in June, not shown). In nature, Alaska temperatures display a statewide warming of about 1°C in the annual mean and about 1.5°C in May-July since 1920; precipitation trends over the same period are mixed (Bieniek et al. 2014 ; see also NOAA's Climate at a Glance, www.ncdc.noaa.gov/cag). Possible reasons for differences in modeled-versus-observed trends in precipitation are discussed in the online supplemental material.
The model-derived differences were used to compute two 60-year time series of the BUI averaged over the Alaska boreal region from 1986-2045: one that included the influence of anthropogenic climate change [based on the original downscaled WRF output (i.e., using anthropogenic forcing)] and the other for the preindustrial control [based on the original downscaled WRF output adjusted by the differences between the GFDL monthly means for the two 60-year periods (i.e., not using anthropogenic forcing)]. The precipitation adjustment factors were the ratios of the two 60-year means to avoid negative values.
The GFDL-derived time series of BUI captures the observed (ERA-Interim) annual variability in BUI shown in Fig. 4 .2a (comparison of observed BUI with GFDL BUI values not shown); however, the downscaled GFDL precipitation amounts are generally higher than the downscaled ERA-Interim for 1986-2015. Consequently, the downscaled GFDL BUI values were smaller than those obtained from downscaled ERA-Interim values. Therefore, all GFDL-derived BUI values were multiplied by 2.4, the ratio of the mean ERA-derived BUI for 1986-2015 to the corresponding GFDL-derived mean. This adjustment does not affect the percentile ranks that form the basis of our attribution assessment below.
Results. The anthropogenic contribution to the likelihood of a fire season of 2015's severity based on BUI was assessed using the fraction of attributable risk metric (Stott et al. 2004; National Academies 2016) . | on the GFDL present-climate curve (red) are nearly identical to the 2015 observed value, an alternative estimate of FAR based on the number of years in which the 2015 value was essentially matched or exceeded (five) is FAR = 1 − 0.033/0.083 = 0.60. With the caveat that it is based on one ensemble member from one climate model, we conclude from this experiment that climate change has increased the risk of a fire year as severe as 2015 by 34%-60%.
Several sources of uncertainty are inherent in these estimates of increased risk of a severe fire season in Alaska. First, the sample size of events is small, as the number of fire years more severe than 2015 is 2 and 3 (for a total of 5) in the modeled preindustrial and the modeled present, respectively. Nevertheless, although there may be such uncertainty in the exceedance of the 2015 threshold, the results clearly indicate that the present climate (red line in Fig. 4 .2b) has increased the risk of days with BUI > 60 relative to the preindustrial (dark blue line). Second, the results are based on only one model, GFDL CM3 (downscaled using WRF). While the GFDL model is one of the betterperforming global models for Alaska (www.snap.uaf .edu/methods/models), simulated changes of temperature and precipitation since the preindustrial period vary among models. Third, our evaluation focused on an index (the BUI) of climate-driven potential for summer wildfire, not on the shorter-term weather variables of wind, humidity, and temperature that affect the rate of wildfire growth.
Sensitivity tests (orange and green lines) shown in Fig. 4 .2b highlight the competing effects of temperature and precipitation as climate changes. If precipitation does not change within the model, the postindustrial warming increases the severity of the fire years in the upper half of the distribution (orange line). An increase of precipitation, in the absence of any temperature change, decreases the severity of the uppermost half of the distribution (green line). The impact of increased temperatures outweighs the impact of increased precipitation in the change from the preindustrial. For the future, annual average temperatures in Alaska are projected to increase by 1°C to 2°C above present values by 2050, while precipitation is projected to increase by 15%-30% by the end of the century (Chapin et al. 2014) .
Conclusion. The 2015 fire season in Alaska was remarkable for its early-season total acres burned, which resulted from 1) fuel flammability due to the warm and dry conditions of May and June, and 2) lightning-induced ignitions in June. The rains of mid-summer likely prevented a new record for area burned in Alaska in 2015. An attribution analysis indicates that 2015's fuel conditions reached a level that is 34%-60% more likely to occur in today's anthropogenically changed climate than in the past. The major uncertainty in such an attribution assessment is the as-yet unknown relationship between climate change and the major lightning events that ignite widespread fires. This study's conclusion is consistent with the similar finding by Yoon et al. (2015) for wildfires in California, where an increased wildfire risk relative to the preindustrial climate emerged in the 1990s. Similar model-derived results were found for the western United States (Luo et al. 2013; Yue et al. 2013) , Canada (Flannigan et al. 2015) , and Alaska (Young et al. 2016) . 
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